
 

Computational Complexity Lecture 12

Recap Polynomial hierarchy
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Circuit families C cilia with a handling lengthi
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of size sun
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Agendas KarpLiptonfsipser theorem

More on circuits d advice
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Thing KarpLipton If NP EPpoly then PA Ez

Pfoo We'll show that NP EPpoly then 22 112
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By thehyp there is a circuitfamily Ci

deciding hi

No clue of what Eci is but we can
guess



We can use this fci3 to find a z if oneexists
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Claim 4 is true iff 4 is true
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An extension of this theorem

Thm Meyer If EXP EPpoly then EXP Zz

Pf M TM that runs in exp time di
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There is some circuit family
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Hierarchy theorems

Is SIZE ten SIZEgen if far u gcn

Usual diagonalisation doesn't quite work why

Thmoo For any f g with me lofen L gCn 22h1m
we have SIZE fin SIZEGG

Revisiting the quiz

How many fins F fail fool are there

22h

i How many circuits are there of sizes
gates 1 Ls s S

For each gates
totype a v n 04
p leftchild logs
Rightchild loss

Description E 3slogs circuits 235108

Corollary There are fns Foofont foB that
cannot be computed by 5 24101 size

Pf 3slogs E 3 Ikot t E 243
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But there are 21 functions HPP Done
D

Note A random function is probably veryhard

Pseudorandom property

Thmoo For any f g with me tofu L gCn L2h1m
we have SIZE fin SIZE gcn

Pf Choose an l carefully

claim go There are functions F Soill Son
that cannot be comp by size 2lliol

Claim 28 Every function F fond for can

be comp by circuits of size d e
Seth far E 24oe

F 0,13 390,1 defined by Fkn f firsthabits
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About the power of Plpoly

LE Pfpoly if there exists Efi



that accepts L

Varun But we aren't saying anythingabout
howhard it is to construct engineer
N

Nonuniform model

crypto

Uniform Circuit families Scifi is a t uniform
circuit family if the function hits Ci can
be computed in
Replace by your favourite class

Go back and check P L uniform Plpoly

Why Pypoy Is there a Phogn

TMs with advice
DTIME ten 1am
Languages accepted by a DTIME tens machine when
given an advice

Leo F MEDTIME th F ziti suchthat
I2 il E ali and se EL iff MCR Zia L



Ego UHALT In The nthmachine halts on a blacktape

C Pls
Thmoo Phooey DTIME n'Ynd

Pfe E The advice strings ZE is just the
desc of the circuit family
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Es
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some important circuit elassese
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ACO constant depth circuits unbounded fan in polysize
Neo E constant depth circuits bounded fan in

depends only on 04 bits Boring

Ned bounded fan in log depth polysize
Obs PARITY E Ne't
Pf size polyen

pan Party Depth oclosn

Hat fit far in 2
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Thmoo FurstSaxeSipser Hastad Razborov Smolensky
PARITY Aco

Ne Nd Nd
to ft to
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ACC AC class with A V 7 Mond gates



Does it make sense to study Ige circuits
say exponentialsize

Defn Direct connection uniformity
S 2n E I

Cn is a DC uniform family if there is
a poly time algorithm to do the following tasks

Type E g what is the type of gateg
Child Li g ga Is g a child f ga
Size i what is the size of ee

Makes sense even for exponential size circuits
Thmeo L EPH iff L is computed by a DC uniform

circuit family ei with
17 Size C E 21004cm

p ki is a constant depth family
with unbounded fan in

D All Not gates pushed to the inputs
Hence the name AC

Also if we remove the const depth requirement
we get EXP

Next class Randomised computation


